Background: The superficial facial fascia comprises the superficial musculoaponeurotic system (SMAS) and the temporoparietal fascia (TPF) and is regarded as a continuous monolayer. However, some evidence indicates that the superficial facial fascia consists of 2 layers in specific areas. Objectives: The authors evaluated the superficial facial fascia for bilayered regions. Methods: Twenty fresh cadavers (40 hemifaces) were dissected to observe the superficial facial fascia. Twelve cadavers were dissected to assess tensile strengths of the superficial and deep layers of the SMAS. Specimens were obtained from 2 cadavers for histologic analysis. Results: The SMAS and TPF were separable into superficial and deep layers, with intervening areolar tissue. The deep TPF was continuous with the deep SMAS inferiorly and the subgalea anteriorly. The superficial orbicularis oculi was invested by the superficial SMAS, whereas the deep orbicularis and the platysma were invested by the deep SMAS. Thus, 2 key structures addressed in facial rejuvenation are positioned in different surgical planes. Conclusions: Study results support the belief that the superficial facial fascia comprises 2 layers, with the superficial orbicularis oculi and platysma invested by different layers. These findings have implications for facial rejuvenation techniques that involve management of the SMAS and TPF.
Mitz and Peyronie 1 described the anatomic basis of the superficial musculoaponeurotic system (SMAS) in 1976. Since then, SMAS management-by dissection, lift, or plication-has become a cornerstone for surgical rejuvenation of the face. Standring et al 2 described the SMAS as a continuous plane of muscle fibers, fibrous tissue, and/ or fibroaponeurotic tissue that is not directly attached to bone. However, several investigators have shown that the superficial facial fascia, which comprises the SMAS and the temporoparietal fascia (TPF), deviates from a monolayer in some areas. [3] [4] [5] [6] [7] Trussler et al 3 observed a distinct layer of fascia that separated the frontal branch of the facial nerve from the TPF. Tellioğlu et al 4 demonstrated that the TPF could be dissected readily into inner and outer layers, with the outer layer continuous with the SMAS below the zygomatic arch and with the frontalis, orbicularis oculi, and occipitalis anteriorly. Knize 5 indicated that the deep galea over the forehead becomes the outer layer of the superficial temporal fascia, whereas the subgalea fascia becomes the middle and deep layers of the superficial temporal fascia. Saban et al 6 suggested that the nasal SMAS comprises 2 layers at the level of the internal nasal valve: the outer layer extends from the dorsal portion of the nasal SMAS, passes over the lower lateral cartilage (LLC), and inserts into the skin of the alar margin. Macchi et al 7 demonstrated that the SMAS comprises multiple layers of thick fibroelastic tissue with loose connective components and abundant elastic fibers.
Anatomic findings for the SMAS and TPF are inconsistent. The goals of the present study were to ascertain whether the superficial facial fascia was a mono-or multilayered structure and to determine the positions of the orbicularis oculi and platysma relative to this fascia. With precise knowledge of subcutaneous facial anatomy, the safety and reliability of facelift procedures may be improved.
METHODS

Study Design
This cadaver study was conducted at The Catholic University of Korea (Seoul) from February 2015 to November 2016. Under Korean law, research involving cadavers does not require approval by an institutional review board. This study was conducted in accordance with guiding principles set forth in the Declaration of Helsinki.
A total of 34 cadavers were included. Cadaver dissections were performed by the first author (H.G.K.). To distinguish arteries from veins, red and blue latex solution (Ward's Science, Rochester, NY) was injected into the common carotid artery and the internal jugular vein. Forty hemifaces from 20 fresh cadavers (9 males, 11 females; age range, 55-99 years; mean age, 79.7 years) were dissected for evidence of bilayered regions of the superficial facial fascia. Twelve fresh cadavers (6 males, 6 females; age range, 61-97 years; mean age, 77.4 years) were examined to measure the ultimate loads to failure of the superficial and deep layers of the SMAS. Specimens from 2 fresh male cadavers (age range, 58-87 years; mean age, 72.5 years) were obtained for histologic analysis.
Cadaver Dissection
Under loupe magnification (×2.5), an incision was made in the temporal region. This incision was extended inferiorly toward the ear, anteriorly to the tragus, around the inferior margin of the earlobe, and anteriorly toward the mandibular border. Sharp dissection of the skin and subcutaneous tissue was performed with a no. 15 blade in the subfollicular plane, and tissues were elevated toward the anterior part of the cheek. Dissection precisely in the subfollicular plane was achieved by elevating the subcutaneous flap from the upper third of the ear, superior to the zygomatic arch. With the subcutaneous flap elevated, areolar tissue was readily identifiable from the tragus to the lateral margin of the orbicularis oculi, approximately 4 to 6 cm distal to the tragus ( Figure 1A ). Landmarks for identifying the superficial facial fascia were the orbicularis oculi, superficial temporal artery, zygomaticus major and minor, and platysma.
Dissection was challenging at several sites, including over the zygomatic arch and over the parotid gland because of tough fibrous ligaments (eg, parotid cutaneous ligament, zygomatic ligament) 8 At the lateral margin of the orbicularis oculi, curvature of the face made it difficult to remain in the subfollicular plane, and meticulous dissection of the areolar tissue was necessary ( Figure 1B) . The SMAS was incised in the pretragal region and was elevated carefully as a medial flap. The superficial layer of the SMAS was dissected and elevated, and the deep layer of the SMAS was left in place ( Figure 1C ). Dissection again was impeded at several sites, including the zygomatic ligament, the masseteric ligament, and over the parotid gland. Moreover, dissection was challenging at the lateral margin of the orbicularis oculi, owing to facial curvature, thinness of the surgical plane, and variations in the orbicularis oculi. Subsequently, the deep layer of the SMAS was dissected and elevated. Substantial resistance was encountered at the zygomatic ligament, the masseteric ligament, and over the parotid gland. Facial nerve branches were traced during the dissection, and the areas most susceptible to nerve injury were determined for each plane.
Ultimate Loads to Failure
The ultimate loads to failure of the superficial and deep layers of the SMAS were calculated by means of a force gauge (BFG 200N, Mecmesin, Slinfold, UK). Each layer of the SMAS was affixed to the force gauge with a braided, nonabsorbable suture (3.0 Nylon, Ethicon, Somerville, NJ). Each layer of SMAS was pulled to breaking. At the very moment of breaking, we checked the value of the ultimate load to failure.
Histologic Analyses
Tissue specimens from the temporal region to the anterior cheek were obtained to identify the bilayered structure of the superficial facial fascia. Samples were fixed with 10% paraformaldehyde at 20°C for 24 hours. Samples then were cut into smaller pieces and washed with 0.01M phosphate buffered saline solution for three times. Fixed samples were stained with Masson's trichrome.
Statistical Analyses
Significant differences of ultimate loads to failure between sexes and hemifaces were ascertained by t test (SPSS, version 20.0, IBM Corp, Armonk, NY). Results were represented as mean ± standard deviation (SD). Statistical significance was defined as P <0 .05.
RESULTS
The superficial facial fascia (including the SMAS and TPF) comprised 2 layers from the temporal area to the lower face ( Figure 2 ). The SMAS consisted of a superficial layer and a deep layer, separated by areolar tissue. Each layer of the SMAS was thin but exhibited strong elasticity when lifted manually in the superolateral direction. Video 1, which demonstrates the layered structures and elasticity of the SMAS in a 72-year-old female cadaver, may be viewed at www.aestheticsurgeryjournal.com. The SMAS layers had high ultimate load to failure and lifted the soft tissues of the face when tension was applied. For the 12 cadavers, the mean ± SD ultimate loads to failure of the superficial and deep SMAS layers were 13.81 ± 8.55 N and 12.80 ± 6.68 N, respectively (Table 1) . No significant differences in ultimate load to failure were found between male and female cadavers or among hemifaces. However, cadavers aged >80 years were more difficult to dissect and evaluate because the SMAS was thin and the adipose tissue was sparse. The temporal branch of the superficial temporal artery ran within the superficial layer of the TPF. The frontal branch entered and extended into the deep layer of the TPF to approximately 2 to 4 cm lateral to the eyebrow. The frontal branch then entered the superficial layer of the TPF, which was continuous with the frontalis, most of the orbicularis oculi, the galea aponeurosis, and the superficial layer of the SMAS. The platysma was not continuous with the superficial layer of the SMAS (Figure 2 ). The remnant orbital portion of the orbicularis oculi, zygomaticus major and minor, and the platysma were invested by the deep layer of the SMAS. The remnant orbital portion of the orbicularis oculi was characterized by variations, including remnant muscle (18/40 hemifaces; 45%), interdigitating fibers of the zygomaticus and orbicularis oculi (15/40 hemifaces; 37.5%), and a lack of muscle fibers (7/40 hemifaces; 17.5%). Suborbicularis oculi fat (SOOF) was found between the superficial and deep layers of the SMAS, with the deep layer separating SOOF from deeper preperiosteal fat (Figure 2) .
The superficial and deep layers of the TPF were readily dissectible from each other, owing to intervening areolar tissue. The deep layer of the TPF extended to the subgalea at the forehead anteriorly ( Figure 2 ). The deep layers of the TPF and the SMAS were continuous. Elevation of the deep layer of the TPF revealed the superficial layer of the deep temporal fascia, which enveloped the superficial temporal fat pad. In Video 2, the layered structures of the TPF and the superficial layer of the deep temporal fascia are depicted for a 72-year-old female cadaver (the video may be viewed at www.aestheticsurgeryjournal.com). These anatomic descriptions are depicted schematically Figure 3 .
Histologic findings confirmed the bilayered nature of the superficial facial fascia in several regions (Figure 4 ).
DISCUSSION
Although management of the SMAS is fundamental to many facelift techniques, anatomic descriptions of the SMAS are inconsistent. Mitz and Peyronie 1 emphasized that the SMAS and the TPF were continuous above the zygomatic arch. In an anatomic investigation of the temporoparietal area, Abul-Hassan et al 9 demonstrated that the TPF represents a cephalic extension of the SMAS. In contrast, Standring et al 2 described the TPF as discontinuous but coplanar with the SMAS. Ferreira et al 10 conducted a literature review to develop a stratigraphic basis for the SMAS. They conceptualized a continuous "very superficial fascia," which comprised the superficial temporal fascia, SMAS, and platysma at varying abundances, depending on the region of the face. 10 The superficial facial fascia is closely associated with the mimetic muscles, and muscle contraction is translated into movement of the overlying facial skin through vertical fibrous septa extending from the SMAS into the dermis. 1 In a cadaver study, Stuzin et al 8 determined that the thickness of the superficial facial fascia varied substantially and was thicker within the cheek, where it invested the platysma. Similarly, the TPF was thicker where it invested the superficial temporal artery. These authors also found that the orbicularis oculi, platysma, zygomaticus major and minor, and risorius were superficially situated. 8 Aston 11 suggested that the superficial facial fascia covered these superficially positioned mimetic muscles. Several investigators have concluded that the superficial facial fascia (ie, the SMAS and TPF) is a single anatomic layer that covers the coplanar orbicularis oculi and platysma. 8, 11 These and other investigators have regarded the fascia covering the mimetic muscles as part of the SMAS. 7, 8, 11 However, Amodeo et al 12 identified a deep fascia just beneath the orbicularis oculi that covered the levator labii superioris and levator anguli oris. This fascia was thin but strong and separated the fat beneath the orbicularis oculi into a superficial layer (ie, the SOOF) and a deep layer (ie, the preperiosteal fat). Moreover, this fascia was adherent to the zygomaticus major and minor, was coplanar with the orbital septum, and was extremely thin at the level of the levator labii superioris alaeque nasi. 12 Our findings corroborate the presence of a deep fascia that is located beneath most of the orbicularis oculi and is continuous with facial mimetic muscles (eg, the zygomaticus major and minor). We demonstrated that the SMAS is separable into 2 layers and that the deep portion of the SMAS is comparable to the deep fascia described by Amodeo et al. 12 We propose that these structures (ie, the deep SMAS and deep fascia) represent the same layer Each specimen was cut to a width of 2 to 3 cm. A, 1 cm medially and 4 cm superiorly to the superior edge of the earlobe. B, 3 cm anteriorly and 2 cm superiorly to the superior edge of the earlobe. C, 3 cm laterally to the lateral orbital rim. D, 1 to 2 cm inferiorly and 0.5 cm medially to the lateral canthus. E, 1 to 2 cm inferiorly and 0.5 cm laterally to the medial canthus. F, 2 to 3 cm medially and 3 to 4 cm inferiorly to the tragus. Scale bar, 2 mm. Arrowheads, separation of orbital part of the orbicularis oculi; black arrows, layer of dense collagen fibers; blue arrow, flap of skin and subcutaneous tissue; red arrow, superficial layers of the SMAS and TPF; white arrow, deep layers of the SMAS and TPF; green arrow, superficial layer of the deep temporal fascia; f, frontal branch of the superficial temporal artery; LLS, levator labii superioris; M, masseter; O, orbicularis oculi; O', remnant orbicularis oculi; P, platysma; T, temporalis; TTL, teartrough ligament; t, temporal branch of the superficial temporal artery; Zm, zygomaticus minor.
and suggest that this layer is part of the superficial facial fascia and is coplanar with the platysma ( Figure 5 ). Video 3, which demonstrates anterior extension of the superficial facial fascia in a 75-year-old male cadaver, may be viewed at www.aestheticsurgeryjournal.com. Alternatively, some investigators have suggested that the superficial facial fascia is comprised of more than 2 layers. [3] [4] [5] [6] [7] Trussler et al 3 identified a distinct fascial layerdeemed the "parotid temporal fascia"-that separated the frontal branch of the facial nerve from the TPF at the upper border of the zygomatic arch. Our results suggest that this fascial layer instead represents the deep layer of the SMAS. Tellioğlu et al 4 suggested that the TPF could be dissected into an outer part (that connected with the SMAS) and an inner part (that merged with the innominate fascia in the most caudal border). However, we propose that the inner part of the TPF is continuous with the deep layer of the SMAS and is distinct from the superficial layer of the deep temporal fascia. Our findings are consistent with those of Knize, 5 who stated that the deep galea over the forehead is continuous with the outer layer of the superficial temporal fascia and that the subgalea fascia becomes the middle and deep layers of the superficial temporal fascia.
Grodinsky and Holyoke 13 observed fascial spaces within the fatty tissue, superficial to the platysma and between the platysma and the deep fascia. Pessa 14 found SMAS fusion zones between the superficial and deep fascia. Our results indicate that the superficial SMAS is positioned over the platysma. Stuzin et al 8 noted that superficial fascia overlying the platysma could be dissected and elevated. These authors added that dissection of the fascia alone produced a less substantial flap than dissection of the platysma in continuity with the SMAS. 8 Our histologic results support this finding ( Figure 4F ). We agree that a flap comprising the superficial layer of the SMAS without the platysma has less tensile strength than a flap comprising both layers of the SMAS.
Saban et al 6 found that the nasal SMAS was bilayered at the level of the internal nasal valve, with the outer layer extending from the dorsal portion of the nasal SMAS, over the LLC, and into the skin of the alar margin. We found that the SMAS is a bilayered structure in the anterior face, which may suggest that the SMAS also is bilayered in the lateral face. On the basis of a histologic analysis, Macchi et al 7 determined that the SMAS comprises multiple layers of fibroelastic tissue with loose connective components. O'Brien et al 15 conducted a literature review and concluded that the fourth layer of the temple, which means the layer between the superficial temporal fascia and the deep temporal fascia, is distinguishable from the TPF. We agree, and regard this fourth layer as the deep TPF. Agarwal et al 16 reported that the innominate fascia in the temporal region is distinct from the superficial layer of the deep temporal fascia, consistent with our findings regarding the deep TPF in the temporal region. However, we consider the deep TPF to be continuous with the deep SMAS, rather than with the parotidomasseteric fascia.
Gosain et al 17 stated that the periorbital orbicularis oculi is positioned deep in a fascial layer, not in a subdermal layer. Our dissection results confirmed that the remnant orbicularis oculi is situated beneath the superficial SMAS. Standring et al 2 stated that the orbital part of the orbicularis oculi arises from the nasal component of the frontal bone, the frontal process of the maxilla, and the medial palpebral ligament. Our results confirm that the orbicularis oculi transitions from a superficial muscle to a deep muscle at the nasojugal crease. This deep part of the orbicularis oculi is invested by the deep SMAS.
We propose that effective utilization of the bilayered SMAS in facelift techniques may decrease the likelihood of surgical trauma and nerve damage, and may shorten recovery time. Specifically, dissection between the superficial and deep layers of the SMAS poses low risk of injury to the lateral facial nerve (Figure 6 ). Elevation of the superficial SMAS could proceed to the origin of the zygomaticus major and the lateral margin of the orbicularis oculi without damaging the facial nerve ( Figure 6 ). Rhytidectomy involving only the superficial layer of the SMAS above the zygomatic arch may be sufficient to lift the facial soft tissue without potentially injuring the temporal branch of the facial nerve. Pessa 14 found that damage to the buccal branch of the facial nerve usually occurs at the superior border of the zygomaticus. If a superficial SMAS lift could be achieved for the entire lateral face, injuries to the platysma and the main zygomatic and buccal branches of the facial nerve could be avoided.
The present study has several limitations. We did not examine the distal trajectory of the facial nerve. Further analysis of nerve pathways is necessary to validate the safety of a superficial SMAS lift. In addition, we did not consider variations in the superficial temporal artery, such as divisions of the frontal and temporal branches below or above the tragus, or variations in the depth of the frontal branch. We conducted only a preliminary assessment of tensile strength of the superficial SMAS; further study will be necessary to determine the clinical feasibility of lifting only the superficial SMAS. Although our results provide clear support for the bilayered structure of the superficial facial fascia, we were unable to determine an embryologic basis to explain these findings.
CONCLUSIONS
Management of the superficial facial fascia is the mainstay of facial rejuvenation procedures. Our findings support previous results suggesting that the superficial facial fascia comprises 2 layers throughout the face, temple, and forehead. We established precise landmarks and anatomic relationships to aid surgeons in distinguishing the superficial and deep layers of the SMAS and TPF. Although additional study is warranted to confirm feasibility and safety, utilization of facelift techniques that target only the superficial SMAS may enable surgeons to reduce the risk of nerve injury yet achieve sufficient lift of the soft tissues.
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